We investigate broad absorption line (BAL) disappearance and emergence using a 470 BAL-quasar sample over ≤ 0.10-5.25 rest-frame years with at least three spectroscopic epochs for each quasar from the Sloan Digital Sky Survey. We identify 14 disappearing BALs over ≤ 1.73-4.62 rest-frame years and 18 emerging BALs over ≤ 1.46-3.66 rest-frame years associated with the C iv λλ1548,1550 and/or Si iv λλ1393,1402 doublets, and report on their variability behavior. BAL quasars in our dataset exhibit disappearing/emerging C iv BALs at a rate of 2.3 +0.9 −0.7 and 3.0 +1.0 −0.8 per cent, respectively, and the frequency for BAL to non-BAL quasar transitions is 1.7 +0.8 −0.6 per cent. We detect four re-emerging BALs over ≤ 3.88 rest-frame years on average and three re-disappearing BALs over ≤ 4.15 rest-frame years on average, the first reported cases of these types. We infer BAL lifetimes along the line of sight to be nominally < ∼ 100-1000 yr using disappearing C iv BALs in our sample. Interpretations of (re-)emerging and (re-)disappearing BALs reveal evidence that collectively supports both transverse-motion and ionization-change scenarios to explain BAL variations. We constrain a nominal C iv/Si iv BAL outflow location of < ∼ 100 pc from the central source and a radial size of > ∼ 1×10 −7 pc (0.02 au) using the ionization-change scenario, and constrain a nominal outflow location of < ∼ 0.5 pc and a transverse size of ∼0.01 pc using the transverse-motion scenario. Our findings are consistent with previous work, and provide evidence in support of BALs tracing compact flow geometries with small filling factors.
candidates for active galactic nuclei (AGN) feedback processes, including termination of star formation in the interstellar medium (ISM) and regulation of accretion on to the SMBH (see e.g., Fabian 2012; King & Pounds 2015) .
Broad absorption lines (BALs) in rest-frame UV spectra are one of the primary tracers of quasar outflows. Weymann, Carswell & Smith (1981) defined a BAL to be a trough that extends ≥ 10 per cent below the continuum for ≥ 2000 km s −1 . BALs are generally associated with the C iv λλ1548,1550 and Si iv λλ1393,1402 doublets, and sources with these BALs in their spectra are referred to as high-ionization BAL (HiBAL) quasars. Low-ionization BAL (LoBAL) quasars additionally exhibit Al iii λλ1854,1862 and Mg ii λλ2796,2803 broad absorption in their spectra, while the rare iron low-ionization BAL (FeLoBAL) quasars additionally show broad absorption from Fe ii or Fe iii transitions. HiBALs are observed in an estimated 10-26 per cent of quasar spectra, while LoBALs and FeLoBALs are present in roughly 0.5-1 and < ∼ 0.3 per cent of quasar spectra, respectively (see e.g., Hewett & Foltz 2003; Trump et al. 2006; Knigge et al. 2008; Gibson et al. 2009b; Allen et al. 2011) .
Detecting BAL variability using multiple-epoch spectra is an important technique for constraining quasar wind lifetimes, locations, and geometries, which are critical for understanding the role of outflows in AGN feedback. Knowledge of these properties requires an understanding of the cause of BAL variations. BAL profiles can be altered either by a change in coverage of the background light source due to transverse motions of outflows across our line of sight (LOS), or by a change in optical depth within the absorbers due to fluctuations in the ionizing radiation field. Capellupo et al. (2013) discussed other possible scenarios for BAL variations, and reasons why they are unlikely.
BAL variability studies have analysed a range of ions and time-scales, and have generally used small-tointermediate sample sizes. For example, Barlow (1994) studied 23 quasars with C iv, N v, Si iv, and Al iii BALs over monthly to yearly rest-frame 1 time-scales. Gibson et al. (2008) investigated C iv BAL variability in 13 quasars over 3-6 yr. Capellupo et al. (2011 Capellupo et al. ( , 2012 Capellupo et al. ( , 2013 characterized C iv and Si iv BAL variations in 24 luminous quasars over 4-9 months and 3.8-7.7 yr. Grier et al. (2015) studied rapid C iv BAL changes down to 1.20 d in the quasar SDSS J141007. 74+541203.3. McGraw et al. (2015) analysed Fe ii and Mg ii BAL variability between 10 d and 7.6 yr in 12 FeLoBAL quasars. Hamann et al. (2008) discovered the first example of emergence of a high-velocity C iv/Si iv broad-line outflow over ∼1.54 yr in the quasar J105400.40+034801.2. Hall et al. (2011) observed the disappearance of Fe ii troughs and dramatic variability of the Mg ii BAL at the same velocity over 0.6-5 yr in the FeLoBAL quasar J1408+3054.
The Sloan Digital Sky Survey (SDSS) has successfully enabled large-scale investigations of BAL variability over multi-year time-scales. Filiz Ak et al. (2012) conducted a systematic study of 582 bright BAL quasars over 1.1-3.9 yr, and detected 21 cases of C iv BAL disappearance. Filiz Ak et al. (2013) carried out a variability analysis of C iv and Si iv BALs over 1-3.7 yr using a sample of 291 BAL quasars. Filiz Ak et al. (2014) studied the correlated 1 All subsequent times are in the rest frame of the quasar.
behavior between C iv, Si iv, and Al iii BALs over multi-year time-scales using a sample of 671 BAL quasars. Grier et al. (2016) performed a variability study of 140 BAL quasars over 2.5-5.5 yr using three spectroscopic epochs, and measured upper limits for C iv BAL acceleration and deceleration in 76 troughs to find that most BALs in their sample exhibit stable mean velocities to within about 3 per cent.
In this work we use quantitative criteria to conduct a systematic analysis of C iv and Si iv BAL disappearance and emergence using a sample of 470 BAL quasars over 0.10-5.25 yr in the rest frame. We build upon the BALdisappearance work of Filiz Ak et al. (2012) by utilizing three or more spectroscopic epochs that are well separated in time for each BAL quasar, allowing us to investigate the behavior during and after BAL disappearance and emergence. We present here a number of cases of BAL re-emergence and re-disappearance events, which to our knowledge are the first reported cases of these types. 2 Our study also marks the first investigation to our knowledge into the relative behavior of disappearing and emerging BALs using a single sample of BAL quasars. We emphasize that our sample consists only of BAL quasars; investigations into the emergence of BAL outflows using a non-BAL quasar sample is beyond the scope of this work.
Section 2 of this paper outlines the spectroscopic observations and procedures used for constructing the sample of 470 BAL quasars. Section 3 details our analytical approach for fitting the continuum and our statistical criteria for detecting disappearing and emerging BALs. Section 4 presents results on the properties of disappearing and emerging BALs, re-emerging and re-disappearing BALs, and their quasar hosts. Section 5 discusses the origin of BAL disappearance and emergence, and places order-of-magnitude estimates on BAL outflow lifetimes, locations, and sizes. Section 6 presents the relevant conclusions of this study and outlines future work. Throughout this paper, we adopt a cosmology with Ω Λ = 0.7, Ω M = 0.3, and h = 0.7. All reported time-scales are in the rest frame of the quasar.
OBSERVATIONS AND SAMPLE SELECTION
The sample of BAL quasars used in this study has spectroscopic observations from SDSS-I/II (hereafter SDSS; York et al. 2000) , the SDSS-III Baryon Oscillation Spectroscopic Survey (BOSS; Eisenstein et al. 2011; Dawson et al. 2013) , and the SDSS-IV (Blanton et al. submitted) Time Domain Spectroscopic Survey (TDSS; Morganson et al. 2015) . Spectra from SDSS (Gunn et al. 2006; Smee et al. 2013) cover wavelengths between ∼3800-9200Å, have pixels 70 km s −1 wide, and have resolutions ranging from ∼1850 to 2200. BOSS and TDSS spectra were/are acquired using a different spectrograph, and cover wavelengths from ∼3600 to 10 000Å, have pixels 70 km s −1 wide, and have resolutions between ∼1300-3000. Filiz Ak et al. (2012 Ak et al. ( , 2013 and Grier et al. (2016) provide more information regarding the above surveys and their ancillary programs that are relevant to this work, which specifically focus on conducting largesample BAL-variability studies over multi-year time-scales.
Our initial sample consists of 2005 BAL quasars that are a subset of the 5039 BAL quasar sample constructed by Gibson et al. (2009b) from the SDSS Data Release 5 (DR5) quasar catalog ). The 2005 objects were chosen to be optically bright (i < 19.3), have SDSS spectra with high signal-to-noise ratios (SNR 1700 > 6 as defined by Gibson et al. 2009b) , have spectroscopic coverage of wavelength intervals where the C iv, Si iv, Al iii, and Mg ii BALs are expected to arise, and exhibit relatively strong BALs in their spectra (see Gibson et al. 2009b) .
We searched for available spectra by matching the coordinates of the 2005 BAL quasars to source positions from the SDSS, BOSS, and TDSS catalogs using a tolerance of In order to conduct a systematic investigation of the behavior during and after BAL disappearance and emergence, we established a number of selection criteria to construct our sample starting from the 2005 BAL quasars with 4814 spectra. We only consider quasars with at least three available epochs that are well separated in time (i.e., each pair of spectra taken greater than 0.1 yr apart); 578 quasars with 1856 spectra met this criterion. Our analysis focuses on the C iv λλ1548,1550 and Si iv λλ1393,1402 BALs, and we therefore only consider quasars with redshifts of 1.68 < z < 4.93. These redshift limits yielded 548 quasars with 1760 spectra. We require that all spectra should be of high-quality (i.e., with SNR 1700 > 6 as defined by Gibson et al. 2009b ); 532 quasars with 1706 spectra passed this additional test. We also consider only BAL troughs that are significantly detached from nearby broad emission lines (BELs) (i.e., the entire BAL trough must lie between -3000 and -27 600 km s −1 from the C iv BEL or between -2000 and -20 800 km s −1 from the Si iv BEL). 3 The above criteria produce a final sample of 470 BAL quasars with 1509 spectra.
In addition to analysing BAL disappearance and emergence using spectroscopic observations, we utilize photometric observations from the Catalina Sky Survey (CSS) data release 2 (Drake et al. 2009 ). CSS synthesizes V-band fluxes using observations taken with an unfiltered CCD, and we use these measurements to supplement our discussion regarding the origin of BAL disappearance and emergence (see Section 5.1.2). In Section 5.1.2 we present synthesized V-band light curves which provide evidence for variations in continuum radiation that might be an indicator of fluctuations in the ionizing radiation field (see Fig. 9 ); this behavior pro-vides evidence supporting the ionization-change scenario to explain BAL disappearance and emergence.
Our final 470 BAL-quasar sample is different from the samples constructed by Filiz Ak et al. (2012 Ak et al. ( , 2013 , which were selected from the same initial sample of 2005 BAL quasars (see above). The sample from Filiz Ak et al. (2012) utilized observations from SDSS and BOSS prior to 2011 September 7, and the sample from Filiz Ak et al. (2013) made use of spectra from SDSS and BOSS prior to 2012 July 1; our sample makes use of SDSS, all of BOSS (i.e., through 2014 June 22), and part of TDSS. We also impose different limits for BAL velocities and require that spectra are separated by >0.1 yr, while Filiz Ak et al. (2012 Ak et al. ( , 2013 focused on time-scales >1 yr. Filiz Ak et al. (2013) also enforced higher signal-to-noise and redshift cuts than the ones enforced in this study.
ANALYSIS

Continuum fits
We performed a number of operations on the 1509 spectra and their associated statistical error arrays prior to conducting continuum fits. The BOSS spectra do not have reliable absolute flux calibrations, and we applied flux corrections when available (i.e., for 44 per cent of BOSS spectra) using the estimates from Margala et al. (2016) . For each spectrum we utilized the BRIGHTSKY bit mask to flag and interpolate pixels associated with insufficient night-sky subtraction. Spectra were corrected for Galactic extinction using the reddening curve from Cardelli, Clayton & Mathis (1989) and the A v values from Schlafly & Finkbeiner (2011) assuming R v = 3.1. We utilize the redshift estimates from Hewett & Wild (2010) and converted spectra into the rest frame of each quasar.
The continuum in each of the 1509 spectra was initially modeled using an SMC-like reddened power-law function from Pei (1992) , and free parameters include the power-law normalization, power-law index, and extinction coefficient. Following Gibson et al. (2009b) , we initially applied the continuum function to relatively line-free (RLF) windows when available, which range between 1250-1350, 1700-1800, 1950-2200, 2650-2710 , and 2950-3700Å. For each spectrum we employed an iterative sigma-clipping algorithm that consists of fitting the continuum function to the RLF windows using a Levenberg-Marquardt least-squares minimization procedure (Markwardt 2009 ), rejecting data points that deviate more than 3σ from the fit within the RLF windows, 4 and repeating these steps until the optimal fit is unchanged. The continuum fits were limited by the SDSS wavelength coverage for all epochs in each source. Fig. 1 presents representative examples of spectra and their associated continuum fits.
We determined if each continuum fit was reasonable by visually inspecting the available RLF windows and the region between 1300-1900Å where C iv, Si iv, and Al iii BALs are expected to be detected. Continuum fits for 72 per cent of spectra employed the sigma-clipping algorithm and were Figure 1 . A series of representative BAL quasar spectra (black) and their associated continuum fits (solid, light blue lines). The quasar name, redshift, and survey is shown in the top-right corner of each plot. The orange data intervals represent the points within the chosen RLF windows that were not rejected by the sigma-clipping algorithm (see Section 3.1). The labelled, vertical, dashed red lines show the rest frame wavelengths of the C iv and Si iv BELs.
applied to all available RLF windows listed above. The remaining spectra required additional actions in order to obtain a suitable fit, including removing the sigma-clipping algorithm to prevent useful RLF windows from being 'clipped away', using a subset of the RLF windows, using smaller intervals within the RLF windows, including an additional interval within the range 1420-1510Å that appeared free of absorption, 5 and/or using a cubic spline function instead of a reddened power law. These additional actions were necessary due to the presence of broad, blended emission or strong absorption within some RLF windows, and/or unphysical continuum curves due to incorrect flux calibrations. Of the remaining epochs that did not yield successful fits using the sigma clipping and standard RLF windows listed above, 15 per cent required removal of the sigmaclipping algorithm and/or altering the RLF windows (see e.g., J091944.53+560243.3 in Fig. 1 ) while 13 per cent additionally required the use of a cubic spline function of varying order between 1 and 5 (see e.g., J113406.88+525959.0 in Fig. 1 ). Given that we do not relate continuum-fit parameters to any physical meaning, the use of alternative techniques for this small fraction of spectra does not cause loss of information for further analysis.
Detection of disappearing and emerging BALs
The 1509 continuum-normalized spectra were examined to identify C iv and Si iv BALs that are detached from their respective BELs (i.e., between -3000 and -27 600 km s −1 from the C iv BEL or between -2000 and -20 800 km s −1 from the Si iv BEL). We also search for Al iii λλ1854,1862 BALs within the same velocity limits as for C iv to characterize the number of LoBAL quasars in our sample. 6 Prior to searching for BALs, we smoothed all spectra using a 5-pixel wide boxcar filter (∼2 times the resolution of the SDSS spectrographs) to reduce pixel-to-pixel noise. Smoothed spectra were used for detecting BALs and estimating BAL velocities and absorption strengths (see below). We flagged troughs that were consistently ≥ 10 per cent below the continuum level for ≥ 2000 km s −1 based on the traditional definition of a BAL (Weymann et al. 1981) . We require that the entire BAL trough exist within the velocity limits noted above to be included in our final sample.
We detect 2228 BALs within the specified velocity intervals using the 1509 spectra associated with the 470 BAL quasars. For each detected BAL we measure a BAL velocity by calculating the mean of the minimum and maximum velocities of the BAL. We also determine the strength of each BAL by measuring its balnicity index BI and rest-frame equivalent width EW BI ≡
In equation (1), f (v) is the normalized flux density at some velocity v and C is a constant that is one when a trough is ≥ 10 per cent below the continuum for ≥ 2000 km s −1 and zero otherwise. In equation (2), f (λ) is the normalized flux density at some rest-frame wavelength λ. The integration limits range from the minimum velocity v min (or minimum rest-frame wavelength λ min ) to maximum velocity v max (or maximum rest-frame wavelength λ max ) for each individual BAL. 7 Measurements for the first 10 of 2228 detected BALs are listed in Table 1 , and the full table is available in the online, supplementary material (see Table 1A ). In order to characterize statistically BAL disappearance and emergence in our sample, we applied quantitative tests to pairwise comparisons between spectra for each quasar. For each comparison between two spectra S 1 and S 2 observed at times t 1 and t 2 , we established two criteria to determine whether a BAL disappearance 8 event occurred, and a third criterion to determine whether the variability was significant:
1. If a BAL is detected in S 1 , then S 2 must not exhibit a BAL or mini-BAL over the wavelength interval where the BAL in S 1 is detected. We define a mini-BAL as a trough that is consistently ≥ 10 per cent below the continuum over a 500-2000 km s −1 range (see e.g., Hamann & Sabra 2004) . The presence of narrow absorption lines (NALs) with line widths < 500 km s −1 could potentially lead to failed detections of disappearing BALs, and we address this issue at the end of the section.
2. The average flux F 2 in S 2 over the wavelength interval where the BAL is present in S 1 must be greater than the continuum level minus 4 times σ 2 . In other words, the flux within the specified interval must be consistent with a flat continuum to within −4σ 2 . The quantity σ 2 is the propagated, statistical error associated with F 2 , and both are calculated using the following equations
where f i and σ i are the flux and statistical error at each pixel i, and N is the number of pixels associated with the BAL in S 1 . The threshold of 4σ 2 is a conservative estimate designed to account for uncertainties associated with fitting the continuum and other systematic errors. The 4σ 2 threshold was determined by visual inspection to confirm that little residual absorption exists for comparisons meeting this condition.
3. The average flux difference F 2−1 between S 2 and S 1 over the wavelength interval where the BAL is present in S 1 must be greater than 7 times σ 2−1 . This means that the flux within the specified interval must change more than 7σ 2−1 between the two spectra. The quantity σ 2−1 is the propagated, statistical error associated with F 2−1 , and both are calculated using the following equations
where F 2 and σ 2 are defined in equation (3), and F 1 7 Our calculation of the BI parameter for each individual BAL in a single spectrum differs from traditional methods utilized by previous work, which involved calculating a single BI value for all BALs of the same transition in a single spectrum. 8 The criteria are described in terms of finding a BAL disappearance event. The criteria for finding BAL emergence events are the same, but with the roles of S 1 and S 2 switched. 
Note.
Columns from left to right include: BAL quasar name, plate-mjd-fiber number for the associated SDSS spectrum, minimum BAL velocity, maximum BAL velocity, balnicity index, and rest-frame equivalent width. BAL velocities are calculated with respect to the average wavelength of the C iv doublet (i.e., 1549.062Å). The full table is available in the online, supplementary material (see Table 1A ).
and σ 1 are defined similarly. The 7σ 2−1 threshold is a conservative estimate designed to account for systematic uncertainties, and was determined by visual inspection to confirm that BAL variations meeting this condition exhibit large, convincing flux differences.
The BAL variations that meet conditions 1, 2, and 3 listed above are considered to be part of a 'pristine' sample of BAL disappearance and emergence events. The pristine sample is made up of cases where the BAL variability is highly significant and there is little residual absorption after the BAL disappears or before the BAL emerges. Fig. 2 shows BAL disappearance and emergence events in the pristine sample along with later observations showing the behavior after the BAL disappears or emerges. 9 Our pristine sample only contains the convincing cases of BAL disappearance and emergence upon visual inspection. In order to establish that the pristine sample is a near-complete set of BAL disappearance and emergence events given the quality of our data, we revise the criteria above to generate a 'supplemental' sample using less-conservative thresholds. The revised criteria for supplemental sources are listed below in the case of a BAL disappearance event:
A. If a BAL is detected in S 1 , then S 2 must not exhibit a BAL or mini-BAL over the wavelength interval where the BAL in S 1 is detected (same as criterion 1). We address the presence of NALs near disappearing BALs at the end of the section.
B. The average flux F 2 in S 2 over the wavelength interval where the BAL is present in S 1 must be between the continuum minus 7σ 2 and the continuum minus 4σ 2 . This criterion allows for more residual absorption than criterion 2, as the flux over the specified interval must be consistent with a flat continuum to within −7σ 2 but not within −4σ 2 . The quantity σ 2 is the propagated, statistical error associated with F 2 , and both are calculated as shown in equation (3).
C. The average flux difference F 2−1 between S 2 and S 1 over the wavelength interval where the BAL is present in S 1 must be between 5σ 2−1 and 7σ 2−1 . This criterion allows for less significant flux changes than criterion 3, as the flux within the specified interval must change more than 5σ 2−1 but not more than 7σ 2−1 between the two spectra. The quantity σ 2−1 is the propagated, statistical error associated with F 2−1 , and both are calculated as shown in equation (4).
The BAL variations that meet conditions A, B, and C listed above are considered part of our supplemental sample of BAL disappearance and emergence events. We also consider events to be supplemental if they satisfy two out of three pristine conditions (i.e., criteria 1 and 2 or criteria 1 and 3) and additionally satisfy the remaining supplemental criterion (either B or C). Fig. 3 shows cases of BAL disappearance and emergence from the supplemental sample along with a later observation after the events occurred. 10 Figure 2 . Normalized spectrum comparisons showing 32 pristine cases of disappearing or emerging BALs. Each horizontal pair of panels displays the same comparison and plots un-smoothed spectra (left) and smoothed spectra using a 5-pixel boxcar (right). Each BAL quasar has two rows of panels; the first row compares spectrum one (black) and two (red) and reveals the BAL disappearance or emergence event; the second row compares spectrum two (red) and three (blue) and shows the behavior after the BAL disappears or emerges. Each spectrum comparison plot is accompanied by a plot directly beneath it which shows the flux difference (in units of σ) as well as ±1σ values (horizontal, dashed orange lines). Flux differences are calculated following Filiz Ak et al. (2012) [see their equation (2)]. We note that errors associated with smoothed flux differences are not statistically independent of one another due to the 5-pixel boxcar filter. For each quasar there is a narrow vertical panel on the right that plots time from MJD 51000 (top) to 58000 (bottom) and displays the MJD position, colour, and survey for each spectrum (tick marks are incremented by 1000 d). The dashed, horizontal light blue line at 1.0 in all panels indicates the continuum level. Each left panel lists the quasar name, whether the quasar exhibits a pristine case of BAL disappearance (PD) or emergence (PE), observation dates and colours used for plotting the spectra, and the time-scale between epochs. A black-filled diamond next to a quasar name indicates the presence of a re-emerging or re-disappearing BAL (see Table 2 and Sections 4.2 and 4.3), and a white-filled diamond indicates sources that undergo a BAL to non-BAL quasar transition (see Table 2 and Section 4.1). The example panel shown above corresponds to a "white-filled diamond" case. Labelled, horizontal solid lines in the right panels represent the wavelength intervals where disappearing or emerging BALs are detected from C iv and/or Si iv. Labelled, horizontal dotted lines lie at the same velocity as the disappearing or emerging BALs but correspond to the other ion. The first-line statement in each right panel is the significance of variability for the BAL change, and each factor of sigma displayed is calculated using F 2−1 /σ 2−1 (see criterion 3). The second-line statement in each right panel is the consistency between the continuum and spectrum of the same colour as the text, and each factor of sigma displayed is calculated using (F 2 − 1.0)/σ 2 (see criterion 2). All the component figures are available in the online, supplementary material (see Fig. 2A ). Upon visual inspection, the comparisons that are considered supplemental exhibit small amplitude variations that are not clearly due to BAL changes (see e.g., in Fig. 3 , J005215.64+003120.5 and J083848.6+411703.9), show residual absorption that makes it unclear if a BAL disappeared or emerged completely (see e.g., J090944.05+363406.7 and J093742.27+403351.3), or exhibit variations that are spurious and do not appear real (see e.g., J082059.97+515924.5).
The above examples demonstrate that our supplemental the same BAL (shown separately in Fig. 2 and Fig. 3 ), and one quasar (J133639.40+514605.3) shows a pristine case and a supplemental case of BAL emergence from different BALs (shown separately in Fig. 2 and Fig. 3 ).
sample consists of marginal cases of BAL disappearance and emergence, and we thus conclude that our pristine sample constitutes a near-complete set of disappearing and emerging BALs in light of the available data.
The presence of NALs within wavelength intervals where BALs exist can potentially lead to failed detections of pristine cases of BAL disappearance or emergence given the criteria listed above. In order to examine whether NALs significantly contaminate disappearing and emerging BALs in our dataset, we remove criterion 2 and visually inspect all detections of BAL disappearance and emergence by enforcing only criteria 1 and 3. Two BAL quasars (J103147.64+575858.0 and J120139.34+491327.9) are contaminated by the presence of NALs in the region where the BAL disappears or emerges. These two cases appear marginal, and we include these objects in our supplemental sample (see Fig. 3 ). In light of the above evidence, we conclude that NALs do not significantly affect our pristine sample of BAL disappearance and emergence events.
RESULTS
We apply quantitative criteria to spectra from our 470 BAL quasars and produce a pristine sample of 31 sources with disappearing and/or emerging BALs associated with C iv and/or Si iv (see Fig. 2 and Table 2 , which lists relevant properties of quasars with pristine cases of disappearing and emerging BALs). We report on the relevant properties of the detected BAL disappearance and emergence cases in Section 4.1 (i.e., frequencies, time-scales, velocities, line strengths, and variability), characteristics of re-emerging and re-disappearing BALs in Sections 4.2 and 4.3, respectively, as well as properties of BAL quasars that host disappearing and emerging BALs in Section 4.4 (i.e., redshifts, absolute i-band magnitudes, SMBH masses, bolometric luminosities, Eddington ratios, and radio-loudness parameters).
Disappearing and emerging BAL properties
BAL disappearance and emergence are rare events in our BAL quasar sample. A total of 10 out of 31 sources exhibit pristine cases of disappearing C iv BALs, 3 out of 31 objects show disappearing Si iv BALs, and 1 quasar out of 31 exhibits disappearing C iv and Si iv BALs at the same velocity (see Table 2 and Fig. 2 ). A total of 14 out of 31 pristine objects show C iv BAL emergence and 4 out of 31 sources exhibit Si iv BAL emergence. There is one BAL quasar where a C iv BAL disappears and another C iv BAL emerges in the same comparison (see J130542.35+462503.4 in Fig. 2) , and thus the total number of BAL quasars in our pristine sample is 31. The frequencies for BAL quasars in our sample to exhibit C iv BAL disappearance and emergence are therefore 2.3 +0.9 −0.7 per cent (11/470) and 3.0 +1.0 −0.8 per cent (14/470), respectively (the 1σ error bounds are calculated following Gehrels 1986).
Our 11 BAL quasars with pristine cases of disappearing C iv BALs and our estimated frequency of 2.3 +0.9 −0.7 per cent are both consistent with Filiz Ak et al. (2012) , who investigated 582 BAL quasars over 1.1-3.9 yr and used different criteria and a different sample 11 to find 11 quasars with pristine cases of disappearing C iv troughs (i.e. 1.9 +0.8 −0.6 per cent). Fe ii BAL disappearance also appears to be a rare phenomenon; for example, Hall et al. (2011) detected disappearing Fe ii troughs over 0.6-5 yr in J1408+3054, and reported this quasar as the only source to exhibit such dramatic changes out of 24 HiBAL quasars they investigated from the Faint Images of the Radio Sky at Twenty centimeters (FIRST) bright quasar survey (White et al. 2000) .
BAL disappearance and emergence occur over measured time-scales of ≤ 1.46-4.62 yr in our pristine sample. Fig. 4 11 Two of our pristine sources (J004022.40+005939.6 and J081102.91+500724.2) are in the pristine sample from Filiz Ak et al. (2012) ; nearly all of the remaining quasars from their sample do not meet the criteria to be part of our sample (i.e., having at least 3 epochs separated by > 0.1 yr).
presents a histogram of the time-scales we probe using the 470 BAL quasars, and also displays the average and range of times for BALs to disappear and emerge. Spectroscopic comparisons from the 470 BAL quasars probe time-scales between 0.10 and 5.25 yr. To assess the apparent lack of BAL disappearance and emergence over timescales < ∼ 1 yr, we conduct two-sample Kolmogorov-Smirnov (K-S) tests comparing the time-scale (∆t) distributions from the disappearing (D), emerging (E), and full 470 (F) BAL-quasar samples; Table 3 presents the results. We observe an inconsistency between the D and F distributions (with a K-S probability of 0.02 or 98 per cent confidence) and between the E and F distributions (with 0.03 or 97 per cent confidence). These results indicate that our measured BAL disappearance and emergence time-scales of ≤ 1.46-4.62 yr are statistically significant within the 0.10-5.25 yr range that we probe. Our measured C iv BAL disappearance time-scales are broadly consistent with the 1.1-3.9 yr disappearing C iv BAL time-scales probed by Filiz Ak et al. (2012) and the 0.6-5 yr disappearing Fe ii BAL time-scales measured by Hall et al. (2011) .
Emerging C iv BALs in our pristine sample occur at a marginally higher average radial velocity than disappearing and non-disappearing C iv BALs. The C iv BALs that emerge between −3000 and −27 600 km s −1 from the C iv BEL do so on average at -17 000 km s −1 , which is 4000 km s −1 higher than the average disappearing C iv BAL velocity and 2600 km s −1 higher than the average F sample C iv BAL velocity over the same velocity limits (see Table 3 and Fig. 4) . The E sample C iv BAL velocity is inconsistent with the D and F samples at 91 and 94 per cent confidence, respectively (see Table 3 ). We do not find a significant difference between our D and F BAL velocity distributions, which is inconsistent with Filiz Ak et al. (2012) , who concluded that disappearing C iv troughs occur at higher radial velocities than non-disappearing C iv troughs in general for their sample. This discrepancy could be related to different velocity limits imposed between studies, and warrants further exploration using a larger sample of disappearing BALs.
Our pristine cases of disappearing and emerging BALs are weak compared to the rest of the BALs in our sample. We quantify the strength of each BAL using the BI formula [see equation (1) in Section 3.2], and the BI value for each pristine disappearing and emerging BAL is listed in Table 2 . Disappearing and emerging BALs both have average BI values of 300±100 km s −1 , which are on the low end of the BI distribution shown in Fig. 4 . The average BI value of BALs from the 470 BAL quasars is 1180±50 km s −1 . Two-sample K-S tests between the D and F distributions for BI yield an inconsistency at 98 per cent confidence, while the E and F distributions for BI yield an inconsistency with 99.4 per cent confidence (see Table 3 ). Our result that disappearing BALs are weak compared to BALs from our 470 BAL quasar sample is consistent with previous work (see Filiz Ak et al. 2012 ).
Disappearing and emerging BALs in our pristine sample exhibit fractional EW changes that appear to be distinct from the distribution of fractional EW changes of regular BALs (see Fig. 5 ). We calculate the change in EW (∆EW) and the fractional change in EW (∆EW/ EW ) of a BAL at Note. Columns from left to right include: BAL quasar name, emission-line redshift (Hewett & Wild 2010) , absolute i-band magnitude corrected to z = 2 (Shen et al. 2011) , bolometric luminosity (Shen et al. 2011) , SMBH mass (Shen et al. 2011) , Eddington ratio (Shen et al. 2011) , radio-loudness parameter (R ≡ f 6cm / f 2500A ; Shen et al. 2011) , disappearing/emerging BAL velocity (see Section 3.2), disappearing/emerging balnicity index (see Section 3.2), disappearing/emerging change in EW (see Section 4.1), disappearing/emerging change in fractional EW (see Section 4.1), and associated ion(s) of the disappearing/emerging BAL(s). Black-filled diamonds indicate quasars with a re-emerging or re-disappearing BAL (see Sections 4.2 and 4.3), and white-filled diamonds indicate sources that undergo a BAL to non-BAL quasar transition (see Section 4.1). Values for v BAL and BI for disappearing BALs were measured using the SDSS epoch for each source, while the BOSS epoch was used to measure these quantities for emerging BALs. BAL quasars with R = 0 were not detected by the FIRST Survey.
times t 1 and t 2
following Filiz Ak et al. (2013) . The ∆EW values for disappearing and emerging BALs are near the minimum and maximum ends, respectively, of the ∆EW distribution of regular BALs (see Fig. 5 and Table 2 ). We find highly significant inconsistencies between our D distribution and BALs from our F distribution with negative ∆EW values, and between our E distribution and BALs from our F distribution with positive ∆EW values (both with >99.9 per cent confidence). Interestingly, the ∆EW/ EW distributions for disappearing and emerging BALs appear to be distinct from the ∆EW/ EW distribution of regular BALs (see Fig. 5 ); the minimum and maximum ∆EW/ EW values for regular BALs are -1.3 and 1.3, respectively, while the average ∆EW/ EW values for disappearing and emerging BALs are -1.9 and 1.8, respectively. Two-sample K-S tests yields extremely significant inconsistencies between the D and F distributions and between the E and F distributions for Note. Columns from left to right include: Measured quantity, number of BAL quasars with disappearing (D), emerging (E), and regular (F) BALs used for two-sample K-S tests, average and standard deviation of the mean for the D, E, and F samples, and two-sample, K-S probability between distributions D and E (D,E), D and F (D,F), and E and F (E,F). Measured quantities from top to bottom include: Rest-frame time-scale between pairs of spectra used to detect BAL disappearance/emergence, C iv BAL velocity for BALs that lie between −3000 and −27 600 km s −1 from the C iv BEL, balnicity index, change in BAL EW, change in fractional BAL EW, redshift, absolute i-band magnitude, bolometric luminosity, SMBH mass, and Eddington ratio.
∆EW/ EW (see Table 3 ). Our results indicate that BAL disappearance/emergence might represent distinct variability events relative to non-disappearing/non-emerging BAL variations. Filiz Ak et al. (2013) concluded that BAL disappearance events appear to be extremes of BAL variability and not a distinct phenomenon (see their fig. 14) , however there were only a small number (3) of cases available for their analysis. Future studies with larger samples will be able to further investigate the apparent distinction between disappearing/emerging and non-disappearing/non-emerging BALs.
Some emerging and disappearing C iv BALs in our sample are correlated with other C iv BALs in the same set of spectra. A total of 8 out of 13 emerging C iv BALs are associated with increases from a non-emerging C iv BAL at a different velocity. This behavior is only marginally significant however, as the binomial distribution probability (see e.g., Bevington & Robinson 2003) for 8 out of 13 'successes' for uncorrelated variability is 16 per cent. There are three disappearing C iv BALs with a non-disappearing C iv BAL at a different velocity, and in one source the non-disappearing BAL decreases in amplitude during the disappearance event (see J111342.27+580407.6 in Fig. 2 ). Filiz Ak et al. (2012) found that in 11 out of 12 cases (0.3 per cent probability) there were non-disappearing C iv BALs that weakened with disappearing C iv troughs in their sample. We cannot make a proper comparison with this result due to our small number (3) of relevant comparison sources.
We find no emerging C iv BALs in our sample with associated emerging Si iv absorption, but observe marginal, correlated behavior between disappearing Si iv BALs and associated non-disappearing C iv BALs. Out of seven comparisons with wavelength coverage of an emerging C iv BAL and the interval where Si iv absorption would emerge at the same velocity, no comparisons show emerging Si iv absorption with the emerging C iv BAL. All four disappearing Si iv BALs have associated C iv BALs that decrease in amplitude during the Si iv BAL disappearance event (see J023252.80-001351.1, J081102.91+500724.2, J092522.72+370544.1, and J100249.66+393211.0 in Fig. 2) ; this behavior yields a binomial probability of 6 per cent.
Disappearing C iv BALs in our sample usually produce a BAL to non-BAL quasar transition during the disappearance. For the 11 quasars with a disappearing C iv BAL, 8 sources do not show any BALs after the C iv BAL disappears while 3 objects exhibit non-disappearing C iv broad absorption at a distinct velocity. BAL to non-BAL transitioning quasars are marked with white-filled diamonds next to their names in Fig. 2 and Table 2 . The frequency of BAL to non-BAL quasar transition given our dataset is thus 1.7 +0.8 
Re-emerging BAL properties
We detect 14 BAL quasars with pristine BAL disappearance events that occur over measured time-scales ≤ 1.73-4.62 yr; four of these objects show a BAL re-emergence event 12 in the later observation. The four re-emerging BALs are shown in Table 2 and Fig. 2 with black-filled diamonds next to their names, and are also displayed by themselves in Fig. 6 over a more limited velocity range for detailed visual inspection. Two of the four re-emerging BALs are associated with C iv, while the other two are associated with Si iv (see Fig. 6 ). The disappearing BALs in the remaining 10 sources do not re-emerge in the available later epoch.
The four re-emerging troughs exhibit a smaller flux difference during their re-emergence than during their initial BAL disappearance; this behavior might be caused by measured time-scale differences between SDSS/BOSS comparisons and BOSS/TDSS comparisons in our dataset (see Fig. 2 and 6 ). For the two quasars with re-emerging C iv BALs we observe a BAL to non-BAL quasar transition during the initial C iv BAL disappearance; the C iv BAL reemergence events do not formally constitute non-BAL to BAL quasar transitions since the re-emerging troughs are formally mini-BALs (see Section 3.2 and Fig. 6 ). The two re-emerging Si iv BALs are correlated with C iv BALs at the same velocity; the C iv BALs decrease in strength during the Si iv BAL disappearance and increase in strength during the Si iv BAL re-emergence (see Fig. 2 ). The re-emerging Si iv BAL in J100249.66+393211.0 is the only re-emerging trough that is formally considered a BAL (see Section 3.2 and Fig. 6 ). All four troughs shown in Fig. 6 re-emerge at roughly the same velocity and have notable similarities in their kinematic profiles as the BALs before the disappearance event (see Appendix A for more details on individual objects).
Re-disappearing BAL properties
We find 18 BAL quasars with pristine BAL emergence events that occur over measured time-scales ≤ 1.46-3.66 yr, and three of these sources exhibit a BAL re-disappearance event 13 in the final epoch. The three re-disappearing BAL quasars are shown in Table 2 and Fig. 2 with black-filled diamonds next to their names, and are also presented individually in Fig. 7 over a more limited velocity range for detailed visual inspection. Two of the three re-disappearing BALs are associated with C iv, and the remaining one is associated with Si iv (see Fig. 7 ). Six of the 15 remaining emerging BALs decrease in strength in the available later observation, while the other 9 emerging BALs do not change their profiles in a significant way in the later epoch. It is noteworthy that no emerging BALs in our sample continue to strengthen in the later observation, and this behavior warrants further investigation using a larger sample.
The two re-disappearing C iv BALs are correlated with C iv BALs at different velocities; in both cases the C iv BALs at different velocities decrease in strength during the C iv BAL re-disappearance (see Fig. 7 ). The re-disappearing Si iv BAL in J020629.32+004843.0 is correlated not only with a C iv BAL at the same velocity, but also with another C iv BAL at a different velocity; the C iv BALs increase in strength during the Si iv BAL emergence and decrease in strength during the Si iv BAL re-disappearance (see Fig. 2 ). See Appendix A for more details on individual sources. Filiz Ak et al. (2012) reported an example of a C iv BAL re-disappearance event associated with the quasar J093620.52+004649.2 (see their fig. 5); this source does not meet our criteria established in Section 3.2 due to the possible residual absorption before the BAL emergence event occurs.
In Section 5 we use the properties of (re-)disappearing 13 We define a BAL re-disappearance event to be one where the average flux F 3 of the re-disappearing BAL is greater than the continuum minus 7σ 3 (see criterion B in Section 3.2) and the average flux difference between the two spectra is > 7σ 3−2 (see criterion 3 in Section 3.2). We adopt the 1-7σ 3 threshold instead of 1-4σ 3 in order to examine more completely re-disappearance cases in our sample. and (re-)emerging BALs to discuss the origin of the variability in these absorbers, and consider the implications for BAL-outflow lifetimes, sizes, and distances from the SMBH.
Properties of BAL quasars with disappearing and emerging BALs
Fig. 8 displays histograms for the 470 BAL quasars including redshift z, absolute i-band magnitude M i , bolometric luminosity log (L bol ), SMBH mass log (M • ), and Eddington ratio log (L bol /L Edd ), and it also indicates representative values for our BAL quasars with pristine cases of disappearing and emerging BALs. Table 2 lists these properties for each BAL quasar with pristine cases of disappearing and emerging BALs, and Table 3 presents two-sample K-S test results between the pristine disappearing (D), emerging (E), and full 470 (F) BAL-quasar distributions to compare the quasar properties between quasars hosting disappearing/emerging and non-disappearing/non-emerging BALs. The average redshift of BAL quasars with disappearing BALs is 2.01, which is 0.27 lower than the average redshift for the 470 BAL quasars (see Fig. 8 ). We conduct two-sample K-S tests between M i , log (L bol ), log (M • ), and log (L bol /L Edd ) distributions from our D, E, and F BAL quasar samples, and the largest inconsistency is with 87 per cent confidence (see Table 3 ). Absolute magnitudes and bolometric luminosities presented in Fig. 8 and Table 2 were derived using representative quasar spectral energy distributions (SEDs) (see Richards et al. 2006; Shen et al. 2011) , and single-epoch, virial SMBH mass estimates have uncertainties of up to 0.5 dex (see Shen 2013) . In light of the above evidence and the number of K-S tests performed, we conclude that there are no statistically significant differences between the disappearing, emerging, and 470 BAL quasar properties within our sample. Our results are consistent with previous work (Filiz Ak et al. 2012 Ak et al. , 2013 ).
There are three radio-loud 14 BAL quasars with disappearing BALs and no radio-loud BAL quasars with emerging BALs in our pristine sample (see Table 1 ). Out of the 467 sources in our sample that were observed by the FIRST survey, 35 objects are radio-loud and 411 sources are radio-quiet (i.e. R < 10). The BAL quasars that are radio-loud have R values that range from R = 11 to R = 598 and have R = 78 on average. Our detections of disappearing BALs associated with both radio-loud and radio-quiet BAL quasars is consistent with results from Filiz Ak et al. (2012) (see their section 4.2). It is interesting that we find no radio-loud BAL quasars with emerging BALs, and a larger sample will be able to assess this possibility statistically.
Our 470 BAL-quasar sample contains 71 LoBAL quasars that are defined by the presence of Al iii broad absorption (see footnote 5) in addition to C iv and Si iv BALs. There is one quasar that is categorized as a LoBAL out of the 31 sources in our pristine sample (see J130542.35+462503.4 in Fig. 2 ). This LoBAL quasar is the only object in our pristine sample that exhibits a BAL disappearance and emergence event in the same comparison. The Al iii BAL in J130542.35+462503.4 disappears at the same velocity as the disappearing C iv BAL and disappearing Si iv absorption (see Fig. 2 ). The C iv BAL emergence event in this quasar appears to be accompanied by emerging Si iv absorption at the same velocity (see Fig. 2 ). The small number of LoBAL quasars in our pristine sample is consistent with the result that disappearing and emerging BALs are generally weak compared to BALs in general (see Section 4.1 and Filiz Ak et al. 2012) . The presence of Al iii broad absorption at the same velocity as C iv has been shown to be indicative Figure 6 . Four pristine cases of disappearing (PD) BALs that re-emerge in a later observation. Each panel lists the BAL quasar name followed by three time durations that correspond to the three plotted spectra: the first epoch (black) at 0.00 yr, the second epoch (red) at the number of years since the first spectrum, and the third epoch (blue) at the number of years since the second spectrum. Spectra are smoothed using a 5-pixel boxcar for better presentation. The associated ion is shown below each re-emerging BAL, and the solid line above each ion extends over the range of the BAL that re-emerged.
of large C iv BAL equivalent widths (see e.g., Filiz Ak et al. 2014) .
DISCUSSION
The origin of disappearing/emerging BALs
There are two plausible scenarios for BAL disappearance and emergence over our measured multi-year time-scales. The first considers outflowing gas responding to fluctuations in the ionizing radiation field, which causes a change in optical depth and thus a change in the BAL profile. The second scenario involves outflowing gas moving transversely to our LOS, which produces a change in coverage of the background light source and hence a change in the BAL profile. Regardless of origin, in Section 5.1.1 we discuss the constraints that disappearing BALs place on BAL lifetimes along the LOS.
In Sections 5.1.2 and 5.1.3 we discuss a number of situations that yield evidence supporting ionization-change and transverse-motion scenarios, respectively, and provide examples that are consistent with these situations using BAL quasars from our pristine sample. Table 4 lists the pristine cases of BAL disappearance and emergence in our sample, and categorizes the evidence we find that supports one of the two scenarios driving BAL variability.
BAL lifetimes
Detecting BALs that disappear over a measured time interval allows us to obtain a rough estimate for the lifetime t BAL over which BALs are visible along our LOS. This lifetime could be the time required for a BAL structure to cross our LOS or the time between ionization events significant enough to reduce the EW of C iv below our detection lim- its (in the latter case, the BAL gas remains along our LOS but the BAL is no longer visible in C iv). In either case, we constrain t BAL by rearranging the equation f = ∆t /t BAL , where f is the fraction of BALs that disappear over the time interval ∆t . 15 This calculation is directly following the calculation in Filiz Ak et al. (2012) (see their section 4.1). The number of detected pristine cases of BAL disappearance out of our 470 BAL-quasar sample allows for an estimate of f , and our measured time-scales for BAL disappearance place an upper limit for ∆t .
Using the equation above, we obtain an upper limit for t BAL by utilizing the six disappearing C iv BALs that do not re-emerge in the later observation and are also associated with BAL to non-BAL quasar transitions (sources in Table 2 with only white-filled diamonds next to their names). The average measured time for C iv BAL disappearance in these six cases is ∆t ≤ 3.28 yr (see Fig. 2 ), and the fraction of cases out of our 470 BAL-quasar sample is f = 1.3 +0.8 −0.5 per cent. These two measurements yield a limit of t BAL < ∼ 250 +160 −100
yr for the BAL lifetime along the LOS. We can obtain another upper limit for t BAL if we consider BALs that disappear then re-emerge in the later observation. We detect two C iv BALs that disappear then re-emerge over an average time-scale of ∆t ≤ 3.72 yr (see Fig. 2 ), and the fraction of these cases out of 470 BAL quasars is thus f = 0.4 +0.6 −0.3 per cent. These two measurements therefore yield a limit for the BAL lifetime along our LOS to be t BAL < ∼ 900 +1200 −600
yr. Our BAL-lifetime estimates are somewhat higher than the estimate from Filiz Ak et al. (2012) , who used 21 cases of C iv BAL disappearance and a similar calculation to infer a BAL lifetime along the LOS of 109 +31
−22
yr. Conversely, Filiz Ak et al. (2013) utilized the equivalent widths of nondisappearing C iv and Si iv BALs, which are found to be generally stronger than disappearing BALs, and inferred a BAL lifetime along the LOS of 1600 +2100 −900 yr for their sample of 291 BAL quasars. Our nominal upper limits in combination with previous work imply BAL lifetimes along the LOS to be on the order of < ∼ 100-1000 yr using a sample of BAL quasars with disappearing and re-emerging BALs (see also Gibson et al. 2008; Hall et al. 2011) . We note that our BAL lifetime limits are strictly only applicable for relatively weak BALs, as we find that disappearing/emerging BALs in our sample exhibit generally low BI values compared to the BI distribution from our full 470 BAL-quasar sample (see bottom panel of Fig. 4) . The LOS lifetime for an individual BAL can exist well outside this range, however, as we detect three cases of BAL re-disappearance over multi-year time-scales (see Fig. 7 ).
Evidence for ionization changes
Observing BALs with notable similarities in their kinematic profiles before and after re-emergence events provides very strong evidence supporting ionization-change scenarios if the outflows are non-axisymmetric; transverse motions of gas that is not uniform cannot easily produce similar line profiles 15 Since disappearing BALs are found to be weak compared to non-disappearing BALs (see Section 4.1 and Filiz Ak et al. 2012) , we caution that this method of estimating t BAL might not be applicable to all BALs. before and after BALs re-emerge (see BALs in Table 4 with "Very Strong" evidence in support of the ionization-change scenario). The BAL quasar J100249.66+393211.0 exhibits a C iv BAL which possesses a similar line profile and depth before the Si iv BAL disappearance at the same velocity (MJD 53033) and after the re-emergence (MJD 57461; see Fig. 2 ). The C iv BAL at the same velocity as the re-disappearing Si iv BAL in J020629.32+004843.0 recovers it original profile and depth after the re-disappearance event (see Fig. 2 ). The fact that C iv broad absorption remained present throughout the Si iv re-emergence/re-disappearance events in the above two sources is very strong evidence against transversemotion scenarios for simple outflow models. J023252.80-001351.1 and J100249.66+393211.0 each show a re-emerging Si iv trough that kinematically resembles the Si iv BAL profile before the disappearance event (see Fig. 2 and 6 and Appendix A). J094456.75+544117.9 exhibits a re-emerging C iv trough that kinematically resembles the C iv BAL that initially disappeared at the same velocity (see Fig. 2 and 6 and Appendix A); since this re-emerging trough does not appear to preserve its kinematic profile as well as the "Very Strong" candidates listed in Table 4 , we categorize this behaviour as "Strong" evidence in support of the ionization-change model.
Coordinated BAL variability over a large velocity interval (e.g., greater than ∼10 000 km s −1 ) is more easily explained by situations involving an ionization change; such behavior in the transverse-motion scenario would require coordinated motions of gas that would presumably exist at a large range of distances from the SMBH (see e.g., Hamann et al. 2011; Capellupo et al. 2013; Grier et al. 2015; Wang et al. 2015) . Fig. 2 displays a C iv BAL emerging over a ∼14 500 km s −1 range in J081313.37+414140.6, and a C iv BAL disappearing over a ∼11 600 km s −1 interval in J093636.23+562207.4. The BAL quasar J134458.82+483457.4 shows an emerging C iv BAL and other C iv BALs that increase in line depth over a ∼15 500 km s −1 range (see Fig. 2 ). We consider these three cases as "Strong" evidence in support of the ionizationchange scenario (see Table 4 ).
Significant BEL variability that originates from the photoionized broad line region is an indicator of fluctuations in the ionizing radiation field that could produce ionization changes within BAL outflows. 16 We detect a significant decrease in the C iv BEL strength during the Si iv BALdisappearance event in J023252.80-001351.1 as well as during the Si iv BAL-emergence event in J083810.84+430555.7 (see Fig. 2 ). Some quasars in our sample exhibit disappearing and emerging C iv BALs that do not have detectable Si iv absorption at the same velocity, indicating the possibility that in these cases C iv might be more responsive to ionization changes because the BAL gas is too highly ionized (see Wang et al. 2015) or because the gas is optically thin in C iv (see Filiz Ak et al. 2014 as well as discussion in Section 5.1.3 in reference to Hamann 1998). Fig. 2 presents a disappearing or emerging C iv BAL with no 16 Time delays and other effects make it difficult to make direct comparisons between BEL and BAL variations, and we are thus only discussing BEL variability as evidence for fluctuations in the ionizing radiation field. We therefore consider the following BALs with associated BEL changes as "Weak" evidence in support of the ionization-change model (see Table 4 ). 
Note. Columns from left to right include: BAL quasar name, disappearing/emerging BAL indicated by the associated ion (see Figs. 2, 6 , and 7), scenario that is most consistent with each BAL disappearance/emergence event [i.e., transverse motions (TM), ionization changes (IC), or indeterminate (?)], strength of evidence supporting each listed scenario (i.e., Very Strong, Strong, or Weak), and specific primary and secondary evidence supporting each listed scenario (see Sections 5.1.2 and 5.1.3 for detailed discussion). The quasars J081102.91+500724.2 and J081313.34+414140.6 have two BALs that collectively provide evidence for one scenario.
associated Si iv absorption and with significant C iv BEL changes in J093243.25+414230.8, J095332.92+362552.7, J121347.74+373726.8, and J140051.80+463529.9. Detecting continuum variations within our available wavelength coverage might be indicative of fluctuations in ionizing radiation at shorter wavelengths if the two wavelength regimes exhibit correlated variability. Fig. 9 presents 17 notable 18 CSS, synthesized V-band light curves 17 Fig. 9 displays the first of eight component figure from Fig. 9A , which can be viewed in the online, supplementary material (we refer to Fig. 9 hereafter) . 18 The CSS light curves for BAL quasars from our pristine sample not presented in Fig. 9 exhibit small magnitude changes (i.e. < ∼ 0.1 mag) or show too large uncertainties for detecting a trend. We also note that the synthesized V -band fluctuations in Fig. 9 for BAL quasars with pristine cases of disappearing and emerging BALs. The V-band fluctuations in Fig. 9 exhibit amplitudes between 0.2-0.7 mag over time intervals where BAL disappearance or emergence occurs (grey regions). The amplitude of these synthesized V-band changes cannot be entirely explained by variations from BAL disappearance/emergence, BAL variability, and BEL changes; the average flux differences over 1300-1600Å in these sources produce changes < ∼ 0.1 mag for all objects in Fig. 9 except for J121347.74+373726.8. 19 Inspection of normalized specdo not appear to be unique compared to BAL quasars more generally; we selected 31 random objects from our 470 BAL-quasar sample, and found 6 sources with CSS light curves that show similar, significant trends with similar variation amplitudes. 19 The BAL and BEL variations in this quasar produce a 0.2 mag Figure 9 . Synthesized CSS V -band light curves showing notable photometric variations for BAL quasars with pristine cases of disappearing (PD) and emerging (PE) BALs. Each pair of connected panels corresponds to the same quasar. The top panel in each pair lists the source name and displays the synthesized V -band measurements. Each bottom panel displays mean V -band measurements from the top panel in 1-year bins, along with standard deviations of the mean for each bin. Vertical black, red, and blue dashed lines lie at the same MJD and possess the same colour as spectra from the corresponding BAL quasar displayed in Fig. 2 . Grey regions correspond to time intervals where BAL disappearance/emergence is detected. All the component figures are available in the online, supplementary material (see Fig. 9A ).
troscopic comparisons over 1600-2200Å for these sources reveals no significant variations of the C iii] λ1909 BEL, which is the only prominent feature within this interval for these objects. The detected V-band variations in Fig. 9 are therefore likely to arise at least partly from fluctuations in continuum radiation.
It is noteworthy that, for each of the BAL quasars shown in Fig. 9 , there is either a significant brightening or dimming in flux during the measured time that we detect either a disappearing or emerging BAL. We detect a ∼0.5 and 0.3 mag flux brightening during the BAL disappearance events in J023252.80-001351.1 and J092522.72+370544.1, respectively, and observe a ∼0.7 and 0.3 mag flux dimming during the BAL disappearance events in J111342.27+580407.6 and J125803.13+423812.1, respectively (see Fig. 9 in relation to Fig. 2) . We observe similar brightening and dimming trends weakening in flux, but CSS detects a ∼0.2 mag strengthening in flux over the same time period.
(i.e., between ∼0.2-0.4 mag) for BAL quasars with emerging BALs in Fig. 9 (see also Fig. 2 ). These flux changes are significant given that the standard deviations of the 1-year, average V-band measurements are < ∼ 0.05 mag. Our results are consistent with Wang et al. (2015) who detected 50 cases of correlated behavior between absorption-line emergence or disappearance and continuum changes, providing further support for the ionization-change scenario. Due to the uncertain connection between the observed continuum variations and fluctuations in the ionizing radiation field, we consider the above cases as "Weak" evidence supporting the ionization-change interpretation (see Table 4 ).
Evidence for transverse motions
Detection of disappearing or emerging BALs with saturated components is strong evidence supporting scenarios where outflows traverse our LOS; fluctuations in the ionizing radiation field cannot easily induce changes to absorbers with sufficiently high optical depths (see BALs in Table 4 with "Strong" evidence in support of the transverse-motion scenario). Hamann (1998) examined modeling using the code cloudy (Ferland 1996) to determine theoretical line optical depths for constant-density, photoionized clouds that have solar abundances and square absorption profiles with velocity widths of 10 000 km s −1 . Fig. 6 from Hamann (1998) shows that the predicted C iv BAL optical depths are at least a factor of 10 higher than the Si iv BAL optical depths for ionization parameters between −1 < log U < +1.
We detect four disappearing C iv BALs that have simultaneously disappearing Si iv absorption at the same velocity, indicating possible saturation in the C iv BALs (see, in Fig. 2, J004022 .40+005939.6, J081102.91+500724.2, J113754.91+460227.4, and J130542.35+462503.4). J130542.35+462503.4 also exhibits an emerging C iv BAL with Si iv absorption at the same velocity (see Fig. 2 ). It is noteworthy that each C iv BAL mentioned above has a comparable 20 line depth to its corresponding Si iv absorption line, providing evidence of saturation in these absorbers and therefore the transverse-motion scenario. Large C iv BAL optical depths would be 'hidden' within the non-zero line depths we measure if the absorbers only partially cover their background light sources (see e.g., Hamann 1999; Arav et al. 1999 Arav et al. , 2001 .
In order to predict broadly the degree of saturation in the disappearing C iv BALs mentioned above, we measure an average, normalized flux of F ∼ 0.75 for the corresponding Si iv BALs before they disappear (see Fig. 2 ). Assuming complete coverage C of the background light source (i.e., C = 1) yields a Si iv BAL optical depth of τ SiIV = 0.3 (using F = e −τ ), which yields a predicted C iv BAL optical depth of at least τ CIV = 3.0 using the theoretical modeling from Hamann (1998) . However the comparable line depths observed between the Si iv and C iv BALs is indicative of partial coverage of the background light source (i.e., C < 1), which would lead to higher predicted C iv BAL optical depths. If the absorbers, for example, have a coverage of C = 0.4, then the estimated Si iv BAL optical depth would become τ SiIV = 1.0 [using F = Ce −τ + (1 − C)] and the predicted C iv BAL optical depth would become at least τ CIV = 10.0; C iv absorption with this optical depth might not easily respond to changes in the ionizing radiation field to produce the highly significant, BAL-disappearance events that we observe.
In light of the discussion in this section and in Section 5.1.2, we find evidence across our sample of disappearing/emerging BALs that collectively supports both the ionization-change and transverse-motion scenarios. Inspection of Table 4 reveals that seven disappearing/emerging BALs provide "Very Strong" or "Strong" evidence supporting ionization-change models, while five disappearing/emerging BALs provide "Strong" evidence in support of the transversemotion interpretation. These results are consistent with the finding in section 4.7 of Filiz Ak et al. (2013) that at least 56 ± 7 per cent of C iv BAL troughs exhibit variations consistent with being caused by ionization changes. We do not find evidence of transverse motions and ionization changes occurring in the same BAL quasar in our dataset. However, since our constraints for a number of trough variations are weak, we cannot rule out that such 'mixed' behaviour is present. Larger sample sizes will be needed to assess these possibilities statistically. Below we consider each of the two models and discuss implications for the physical properties of BAL outflows in our pristine sample.
BAL outflows undergoing ionization changes
We utilize our disappearing and emerging BAL sample 21 to examine outflows responding to ionizing-radiation fluctuations in order to obtain a nominal estimate for the outflow distance r from the SMBH
where L ion is the ionizing photon luminosity above 13.6 eV, U is the ionization parameter, n e is the electron density, and c is the speed of light. We also use our re-emerging and redisappearing BALs, which in this model would be dominated by changes in optical depth, to obtain a nominal estimate of the radial outflow size D rad relative to our LOS
where m e is the electron mass, e is the fundamental unit 21 We do not include measurements from the BAL quasars J004022.40+005939.6, J081102.91+500724.2, J113754.91+460227.4, and J130542.35+462503.4 in the subsequent calculations, as these sources exhibit BAL disappearance/emergence that provides strong evidence for transversemotion scenarios in our sample (see Section 5.1.3 and Table 4 ).
of charge, f is the oscillator strength, λ is the rest wavelength, τ BAL is the BAL optical depth, and ∆v BAL is the velocity width of the BAL. Equation (8) is derived by rearranging the relation between column density N and optical depth [i.e., N ≡ ∫ n e ds = σ ∫ τ(v)dv, where σ is the absorption cross section], and assumes constant-density absorbers and an average BAL optical depth (see section 1 from Savage & Sembach 1991) . Table 5 presents relevant measurements for these and subsequent calculations from our pristine cases of BAL disappearance/emergence.
We calculate L ion using a segmented power law from Hamann et al. (2011) to serve as a typical BAL-quasar SED (see their appendix A for more details), and adopting an average luminosity at 1350Å, in erg s −1 , of log L 1350 = 46.2 to serve as the normalization (measurements taken from Shen et al. 2011) . The estimate for L ion , in photons s −1 , is log L ion = 56.4. We adopt an ionization parameter of log U = 0 based on results from Wang et al. (2015) , who found correlated variations between C iv, Si iv, and N v BALs and the continuum in 452 quasars and conducted photoionization modeling to constrain log U > ∼ 0 for their sample. We determine a lower limit for n e by assuming that the absorbers exist sufficiently far from the SMBH for the recombination time to be much shorter than the ionization time of the gas, and that the gas is not too highly ionized relative to C iv and Si iv [i.e., n e > ∼ 1/(α rec ∆t), where α rec is the recombination-rate coefficient and ∆t is an upper limit for the BAL-variability timescale (see Table 5 ); see Capellupo et al. 2013 and Grier et al. 2015 for details]. We calculate α rec using the chianti atomic database version 8.0 (Dere et al. 1997; Del Zanna et al. 2015 ) with a nominal BAL-outflow temperature of 20 000 K; the coefficients for C iv and Si iv are 1.5 × 10 −11 and 1.7 × 10 −11 cm 3 s −1 , respectively, and we adopt the average value for our calculation. The recombination rate used in combination with the average measured timescale of ∆t ≤ 3.04 yr for pristine BAL disappearance and emergence thus yields an electrondensity lower limit of n e > ∼ 650 cm −3 . The above values allow for a nominal upper limit for the outflow distance from the SMBH to be on the order of r < ∼ 100 pc, assuming the conditions outlined above. Using extreme measurements from our sample yields minimum and maximum nominal upper limits for r to be on the order of < ∼ 100 pc and 1 kpc, respectively. BAL line-depth variations are dictated by changes in optical depth under the ionization change scenario; measured line depths of re-emerging and re-disappearing BALs therefore likely trace nearly the entire radial extent of the flow where C iv and Si iv arises, since the entire BAL profile in these cases disappears or emerges presumably from fluctuations in the ionizing radiation field. For our calculation of D rad using equation (8), we use average f and λ values for C iv and Si iv using measurements from Morton (2003) . BAL optical depths τ BAL are determined using average, normalized fluxes F across the BAL (see Table 5 ), and assume complete coverage of the continuum source (i.e., τ BAL = −ln F). 22 BAL widths extend from the minimum to maximum velocity of the BAL, and we measure an average value of ∆v BAL = 3100 km s −1 for our re-emerging and redisappearing BALs (see sources with black-filled diamonds in Table 5 ). The average BAL flux is F = 0.76 for the reemerging and re-disappearing BALs before they disappear or after they emerge, respectively (see objects with blackfilled diamonds in Table 5 ). The above considerations yield a nominal lower limit for the radial outflow size for BALs in our sample to be on the order of D rad > ∼ 1 × 10 −7 pc. 23 Limiting measurements from our sample yield minimum and 23 BAL outflows with D rad = 1 × 10 −7 pc and with radial velocities extending over ∆v BAL = 3100 km s −1 may indicate that the absorbers are distributed in small clumps over a larger radial extent than our D rad lower limit. It is also plausible that these outflows exhibit larger radial sizes if the gas is highly ionized relative to C iv and Si iv. maximum nominal lower limits for the radial outflow size to be on the order of > ∼ 1 × 10 −8 and 1 × 10 −6 pc, respectively. We have utilized a large BAL quasar sample to place order-of-magnitude limits on the location and radial extent of disappearing/emerging BAL outflows; previous work has mainly focused on constraining the properties of non-disappearing/non-emerging BAL winds. Our range of nominal BAL-outflow distance upper limits of r < ∼ 100 − 1000 pc are consistent with models where BAL gas accelerated off the accretion disc travels out to kpc-scale distances from the SMBH and interacts with the surrounding ISM (e.g., Faucher-Giguère & Quataert 2012; Faucher-Giguère, Quataert & Murray 2012). Our BAL-outflow distance limits, obtained using disappearing/emerging BALs, are consistent with previous nondisappearing/non-emerging BAL-variability studies using HiBAL and LoBAL quasars that have attributed BAL variations to ionization changes and have constrained the flows to exist within a few hundred parsecs of the SMBH (Barlow 1994; Vivek et al. 2012; Grier et al. 2015) . Our estimates are also consistent with previous studies using photoionization models and density-sensitive absorption lines to estimate BAL-outflow locations. Arav et al. (2013) utilized the O vi absorption doublet and cloudy models to estimate a BALoutflow distance of 3 kpc, while Borguet et al. (2013) and Chamberlain, Arav & Benn (2015) both used the S iv doublet to estimate an outflow distance of 100 pc and between 100-2000 pc from the SMBH, respectively.
Our nominal radial BAL-outflow size lower limit of D rad > ∼ 1 × 10 −7 pc (0.02 au) is consistent with Hamann et al. (2013) , who placed a nominal upper limit of < ∼ 1 × 10 −4 pc for the radial-outflow size in their sample of 8 mini-BAL quasars (see also discussion at the end of Section 5.3). We emphasize that our radial BAL-outflow size constraint utilizes pristine cases of BAL disappearance/emergence in our sample, whereas the size limits from Hamann et al. (2013) made use of non-disappearing/non-emerging mini-BAL variations in combination with cloudy photoionization models. The above estimates support models where outflows are dense and geometrically small compared to their distance from the SMBH; Hamann et al. (2013) derived a maximum radial filling factor of < ∼ 5× 10 −5 allowed by their data, which is consistent with our estimates. It is therefore plausible given this discussion that the weak, disappearing/emerging BAL outflows that we probe consist of small substructures. It is unclear as to whether strong BALs consist of similar, compact flow geometries, and this possibility warrants future investigation.
BAL outflows traversing our LOS
We utilize measurements from our disappearing and emerging BAL sample 24 and consider outflows moving transversely to our LOS at Keplerian 25 speeds in order to obtain a nominal estimate for the outflow distance r from the SMBH
where G represents the gravitational constant, M • is the SMBH mass, and v trans is the transverse outflow speed. We also use the re-disappearing BALs from J092434.54+423615.1 and J093243.25+414230.8, which are presumed to be dominated by changes in coverage under this scenario, in order to nominally estimate the transverse outflow size D trans relative to our LOS
24 We do not include the BAL quasars J020629.32+004843.0, J023252.80-001351.1, J094456.75+544117.9, and J100249.66+393211.0 in the subsequent calculations, as these objects exhibit BAL re-emergence/re-disappearance that provides the strongest evidence for ionization-change scenarios in our sample (see Section 5.1.2 and Table 4 ). 25 Moravec et al. (submitted) reports that the Keplerian speed is a reasonable first guess to the transverse outflow speed, since models predict that BAL outflows are launched from a rotating accretion disc.
where ∆t ′ is the upper limit for the timescale of a complete BAL re-disappearance event (i.e., the emergence time plus the re-disappearance time).
We estimate v trans by considering the 'crossing disk' model from Capellupo et al. (2013) , which consists of a circular outflow moving across a circular continuum source relative to our LOS (see their fig. 14; see also section 4.1 of Rogerson et al. 2016 ). In this model v trans is expressed as √ ∆A D cont /∆t, where ∆A is the normalized flux difference between two spectra, D cont is the diameter of the continuum source, and ∆t is the measured variability timescale between two spectra.
We determine D cont using the temperature function from standard accretion disk theory (see equation 3.20 from Peterson 1997) in combination with Wien's law (see also Edelson et al. 2015) . Determination of D cont depends on the Eddington ratio L bol /L Edd , the SMBH mass M • , the radiative efficiency η, and the wavelength λ c of the accretion-disc radiation that is viewed by the BAL outflows. We calculate average values for log (L bol /L Edd ) and log M • to be -0.3 and 9.5, respectively, using measurements taken from Shen et al. (2011) for BAL quasars from our pristine sample (see Table 2 ). We adopt a nominal value of η = 0.1 (see e.g., Peterson 1997) , and measure an average value of λ c = 1440Å using our pristine disappearing and emerging BALs. The above measurements yield a continuum-source diameter on the order of D cont = 0.01 pc for our pristine sample.
The D cont estimate, along with average measurements of ∆A = 0.28 and ∆t ≤ 3.12 yr (see Table 5 ), allow a calculation of a nominal transverse outflow speed lower limit of v trans > ∼ 5400 km s −1 for our pristine disappearing and emerging BALs. This crossing speed, combined with the average estimate for M • , yields a nominal upper limit for the outflow distance from the SMBH to be r < ∼ 0.5 pc, assuming Keplerian rotation and the crossing-disc geometry. Using the appropriate limiting measurements from our pristine sample, we obtain nominal minimum and maximum outflow distance upper limits to be on the order of < ∼ 0.01 pc and 10 pc, respectively. We measure an average time of ∆t ′ ≤ 4.23 yr for a complete BAL re-disappearance event to occur in our sample (see Fig. 7 ), which yields a nominal value for the transverse outflow size to be on the order of D trans = 0.01 pc. Limiting measurements from our sample yield a minimum and maximum nominal transverse outflow size on the order of 0.001 and 0.1 pc, respectively. Our transverse outflow size estimate is of the same magnitude as our continuum-source size estimate, and is much larger than the radial outflow size of D rad = 1 × 10 −7 pc estimated in Section 5.2 using the ionization-change scenario. 26 Our order-of-magnitude estimates of the location and transverse size of disappearing/emerging BAL outflows increases the information available on quasar winds, as previous studies have primarily focused on constraining nondisappearing/non-emerging BAL flows. Our range of nom-inal BAL-outflow distances of r < ∼ 0.01 − 10 pc is consistent with theoretical models predicting that BAL outflows are launched from the accretion disc at sub-parsec distances from the SMBH (see e.g., Murray et al. 1995; de Kool & Begelman 1995; Proga, Stone & Kallman 2000; Proga & Kallman 2004) . We constrain BAL-outflow distances using BAL disappearance and emergence events, and our results are consistent with previous nondisappearing/non-emerging BAL-variability studies that attribute BAL changes to absorbers traversing our LOS. Capellupo et al. (2011 Capellupo et al. ( , 2012 Capellupo et al. ( , 2013 ) used short-term and long-term variable C iv/Si iv BAL time-scales to constrain outflows to exist between 0.001 and 0.02 pc and ∼10 pc from the SMBH, respectively. Capellupo, Hamann & Barlow (2014) placed an upper limit of 3.5 pc on the outflow distance using variable P v, Si iv, and C iv BALs. Studies using variable Fe ii and Mg ii BALs constrained outflows to exist within tens of parsecs of the central source (Hall et al. 2011; McGraw et al. 2015) . Previous studies using photoionization models have also constrained some BAL outflows to exist from parsecs to tens of parsecs from the SMBH using transitions from Fe ii, Cr ii, Mg ii, and Mn ii (Everett, Königl & Arav 2002; de Kool et al. 2002) .
Our nominal transverse BAL-outflow size estimate of D trans = 0.01 pc favors models involving outflows in compact, dense geometries perhaps confined by magnetic fields (see e.g., Fukumura et al. 2010) . Hamann et al. (2013) utilized an independent methodology from our work to investigate the absorption-line variability and X-ray absorption properties of 8 mini-BAL quasars, and concluded that the ionization levels of outflows in their sample are not moderated by the X-ray absorber (the so-called 'radiative shield') but instead by high gas densities in small clouds (i.e., with radial outflow sizes < ∼ 1 × 10 −4 pc and transverse outflow sizes > ∼ 0.003 pc) (see also Gibson et al. 2009a; Wu et al. 2010) . The transverse-size lower limit for mini-BAL outflows from Hamann et al. (2013) is consistent with our nominal transverse-size estimate for BAL outflows in our sample, suggesting that at least some mini-BALs and BALs may probe the same outflow system and both might exhibit dense, substructure geometries (see also the discussion at the end of Section 5.2).
CONCLUSIONS
We have conducted a quantitative, systematic investigation of C iv and Si iv BAL disappearance and emergence using a sample of 470 BAL quasars over ≤ 0.10-5.25 yr in the rest frame with at least three spectroscopic epochs for each quasar from the SDSS, BOSS, and TDSS surveys. Below we summarize the most important findings from this analysis.
(i) We detect 14 BAL quasars that exhibit highly significant C iv and/or Si iv BAL disappearance, and find 18 BAL quasars showing significant C iv or Si iv BAL emergence. Our sample consists of only BAL quasars. BAL disappearance and emergence in our sample occur over ≤ 1.46-4.62 yr, are rare events within our 470 BAL-quasar sample, exhibit weak line strengths compared to our full BAL sample, and show interesting EW and fractional EW changes relative to BAL variations more generally. The frequency of BAL to non-BAL quasar transition is 1.7 +0.8 −0.6 per cent given our dataset (see Section 4.1).
(ii) We detect four BALs that re-emerge and three BALs that re-disappear from C iv or Si iv in the available later TDSS observation using the significant cases of BAL disappearance and emergence in our sample (see Section 4.2 and 4.3). We also utilize BALs that re-emerge and BALs that do not re-emerge to obtain estimates for the BAL lifetime along our LOS to nominally be < ∼ 100-1000 yr for most BALs in our sample (see Section 5.1.1).
(iii) The behavior of our detected (re-)emerging and (re-)disappearing BALs collectively provide evidence supporting both transverse-motion and ionization-change scenarios to explain BAL disappearance and emergence. Evidence of saturation in some detected BALs supports models involving transverse motions (see Section 5.1.3), while observed evidence for ionization changes include preservation of C iv BAL profiles through Si iv re-emergence and re-disappearance at the same velocity, coordinated/coherent BAL variations over a large velocity interval, and significant BEL and continuum fluctuations (see Section 5.1.2).
(iv) Under the ionization-change scenario, the disappearing and emerging BAL outflows we probe would exist at a nominal location on the order of < ∼ 100 pc from the SMBH and exhibit a typical radial size on the order of > ∼ 1×10 −7 pc. Under the transverse-motion scenario, the disappearing and emerging BAL outflows in our sample would exist at a nominal distance of < ∼ 0.5 pc from the central source and exhibit a nominal transverse size on the order of ∼0.01 pc. These estimates are broadly consistent with theoretical models and previous observational studies of non-disappearing/nonemerging quasar winds, and provide evidence supporting compact outflow geometries (see Section 5.2 and 5.3).
Utilizing observations from the SDSS, BOSS, and TDSS surveys has allowed us to detect and characterize systematically BAL re-disappearance and re-emergence events, which would not have been possible with previous, smallsized, two-epoch datasets. The ongoing acquisition of TDSS data will allow future, large-sample studies to characterize further the behavior during and after BAL disappearance and emergence, which will provide tighter constraints on BAL-outflow lifetimes and geometries to inform theoretical models of quasar winds. The initial sample of 2005 BAL quasars has thus far enabled large-scale, systematic investigations into BAL variability over multi-year time-scales (see Filiz Ak et al. 2012 Grier et al. 2016) , and will allow for numerous future studies to advance our understanding of quasar winds. For example, this large sample will enable a systematic investigation between BAL variations and BEL changes/properties from ions including C iv, Si iv, Al iii, C iii], and Mg ii. It will also be interesting to conduct a comparative study between variable and non-variable BALs from C iv and Si iv in order to understand better the apparent stability of a large percentage of quasar outflows.
